Objective-To determine the safest, least costly, and most effective way to select patients with symptomatic carotid ischaemic events for carotid angiography before carotid endarterectomy.
Interventions-Clinical examination by auscultation over the precordium, supraclavicular fossae, and neck vessels (all patients). Cerebral angiography of patients suitable for carotid endartarectomy.
Main outcome measures-Financial cost and number of disabling strokes'after angiography.
Results-296 Patients were investigated by cerebral angiography. Ischaemic symptoms had occurred in the distribution of 298 internal carotid arteries (symptomatic) that were imaged, two patients having bilateral symptoms. The presence or absence of a carotid bruit and the maximum percentage diameter stenosis of the origin of the symptomatic internal carotid artery were correlated. The prevalence of mild disease (diameter stenosis ?,25%) of the symptomatic internal carotid artery was 57%, and if an ipsilateral carotid bruit was heard the probability of mild stenosis rose to 92%. The prevalence of moderate disease of the symptomatic internal carotid artery (stenosis -50%) was 39%, and if a bruit was heard the probability doubled to 78%. The prevalence of severe internal carotid disease (stenosis 3e75%) was 22%, and if a bruit was heard the probability was more than double, at 49%. The direct cost to both the NHS and the private health sector of investigating patients with symptomatic carotid ischaemia was estimated for several strategies of carotid artery imaging and expressed in terms of financial cost and number of strokes after angiography incurred in detecting all patients with diameter stenosis of the symptomatic internal carotid artery of ¢25%, 50%, or 75%. To detect diameter stenosis of the internal carotid artery of ¢e25% it is most cost effective to proceed directly to cerebral angiography in patients with a carotid bruit over the symptomatic carotid bifurcation and to screen patients without a carotid bruit by duplex carotid ultrasonography; patients in whom duplex ultrasonography discloses stenosis of B25% are then referred for cerebral angiography. To detect only more severe internal carotid disease (stenosis of ¢50%) the same policy applies, unless the local duplex ultrasonographic service is particularly efficient and reliable, when it is probably most cost effective and safer to screen all patients by this method irrespective of the findings on cervical auscultation. To detect stenosis of 75% or greater it is most cost effective to screen all patients with duplex ultrasonography, whether a carotid bruit is present or not, because this approach reduces the number of angiograms required, is the least expensive, and results in the least number of strokes after angiography.
Conclusions -Patient selection for cerebral angiography before carotid endarterectomy needs to be appropriate and cost effective. Sound clinical evaluation and duplex carotid ultrasound are required. The findings of this study should not be applied to other medical centres without first considering possible differences in the prevalence of carotid artery disease, the efficiency and reliability of duplex ultrasonography, the local complication rates of cerebral angiography, and the local costs of the imaging procedures.
Introduction
Preventing stroke and other serious vascular events is the aim in managing patients who have had a transient ischaemic attack or mild ischaemic stroke. Preventive measures include management of vascular risk factors such as hypertension and smoking, long term antiplatelet treatment,' and, perhaps, carotid endarterectomy to remove atherothrombotic stenosis at the origin of the internal carotid artery.2 The riskbenefit ratio of carotid endarterectomy is currently being evaluated in several large randomised trials in Europe and North America.
Before carotid surgery is considered the carotid bifurcation must be imaged to the surgeon's satisfaction. Although carotid endarterectomy is occasionally performed on the basis of duplex carotid ultrasonography3 or intravenous digital subtraction angiography studies alone (which we believe are inadequate4), most surgeons require angiographic demonstration of the extracranial (and intracranial) carotid circulation by selective intra-arterial cerebral angiography.5 As this procedure is uncomfortable, somewhat risky, costly, and requires hospital admission6 it is important that it is not performed unnecessarily in patients who will not subsequently proceed to carotid endarterectomy, such as those who have normal or occluded internal carotid arteries. Identifying the groups of patients likely to benefit from carotid surgery is still controversial,2 but they are probably patients who have recovered more or less completely from a carotid ischaemic event, who have some stenosis of the origin of the internal carotid artery, ipsilateral to the cerebral hemisphere or eye in which symptoms are manifest. Accurate selection of patients for carotid endarterectomy therefore requires sound clinical assessment and safe, cost effective imaging of the relevant carotid circulation(s).
Stenosis of the extracranial internal carotid artery may be detected clinically (by cervical auscultation for an arterial bruit) and with non-invasive imaging (ultrasonography, computed tomography, and magnetic resonance angiography) and invasive imaging ( The maximum percentage diameter stenosis of each vessel was expressed on a clinically applicable interval scale (normal, 1-24%, 25-49%, 50-74%, 75-99%, occluded) and subsequently transformed into nominal (dichotomous) data for further analysis (< or :25%; < or ¢50%; < or >75%; occluded).
To determine the accuracy of a carotid bruit in predicting stenosis of the ipsilateral extracranial internal carotid artery the presence or absence of a bruit was correlated with the angiographic findings of the maximum percentage diameter stenosis at the origin of the ipsilateral internal carotid artery. The sensitivities, specificities, predictive values, likelihood ratios, odds (before and after the test (cervical auscultation)), and 95% confidence intervals of the findings on cervical auscultation compared with those on angiography were calculated by standard methods. 28 29 The confidence intervals for the likelihood ratios were calculated with the same methods as those used for calculating the confidence intervals for relative risks and odds ratios.29
FINANCIAL COSTS
The financial costs of duplex ultrasonography and cerebral angiography were defined in terms of "imaging cost units" (that is, the direct cost of one procedure on one patient (ignoring indirect costs such as the amount of patient time lost from paid employment)). The actual cost to the NHS is not known. We obtained an estimate of cost, however, by adding the semivariable costs of (a) admission to hospital for two days in a bed for patients having cerebral angiography (£160/day), (b) materials, power, non-medical staff (£110 for cerebral angiography, £25 for duplex ultra-BMJ VOLUME 300 sonography (Lothian Health Board), and (c) a consultant ultrasonographer or angiographer. Although the schedule of fees for private consultant work prepared by the BMA's fees working party in 1989 recommends a consultants' fee of £25-45 for duplex ultrasonography and £150-200 for cerebral angiography,"0 the British United Provident Association will reimburse patients up to £270 for the ultrasonographer's fee and up to £335 for the angiographer's fee. In view of the considerable range of fees that a consultant may charge while still ensuring full reimbursement for the patient, we considered that a more accurate measure of the real cost to the NHS of these procedures would be given by a calculation including the consultant's salary per unit time paid by the NHS and the time taken to perform the procedure. The cost to the NHS of a consultant radiologist employed by the service is about £50 000 per year (annual salary and superannuation). In theory most radiologists work for 40 weeks each year (allowing six weeks' annual leave and six weeks' study leave) and 40 hours per week. About half the week is taken up with performing radiological procedures and half with administration, teaching, meetings, etc. Therefore, Post-test odds 10-9 (4-3 to 50) 3 6 (1-7 t6 9 8) 1-0 (0 5 to 2 0) 0-2 (0O04 to 03) the cost of the radiologist per "procedure hour" is about £60 (50000/(40x20) 136 carotid arteries (32%) in 95 patients (32%). The patients' symptoms reflected cerebral or retinal dysfunction in the distribution of 298 internal carotid arteries (71%) that were examined radiologically, which were therefore classified as symptomatic, but not in 124 arteries examined, which were asymptomatic. Two patients had bilateral symptomatic carotid ischaemia, hence there were 298 symptomatic carotid arteries. A carotid bruit was heard over 95 of the 298 symptomatic internal carotid arteries (32%) and over 41 of the 124 asymptomatic internal carotid arteries (33%). Tables II-IV and figures 1 and 2 show the results concerning the symptomatic carotid arteries. Table V shows the costs to the NHS and private sector of the various possible duplex or angiographic imaging strategies, or both, in relation to the findings ofcervical auscultation.
Discussion

SELECTION OF PATIENTS
This paper describes a cohort of 485 patients with symptomatic carotid ischaemic events, of whom 296 were investigated by cerebral angiography. The prevalence of carotid bruits was equal (32%) in patients who had and did not have cerebral angiography so it was unlikely that selection of patients for the procedure was inadvertently contingent on the findings of cervical auscultation, even though the patients not having cerebral angiography were older.
Carotid bruits were also detected with equal incidence over the symptomatic and asymptomatic carotid arteries that were examined angiographically. The result was probably explained by our tendency to study angiographically both carotid systems if a potentially operable lesion of the symptomatic internal carotid artery was found on angiography. If a patient had a bruit over the symptomatic carotid bifurcation he or she was usually referred for selective angiography of the symptomatic carotid system. If a potentially operable lesion was disclosed the radiologist then usually studied the contralateral carotid system because this information was required for the surgeon. If no lesion was found on the symptomatic side the contralateral side was not studied angiographically. 
